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Abstract
Accurate and timely data are essential for identifying populations at risk for undernutrition due to poor-quality diets, for implementing appro-
priate interventions and for evaluating change. Life-logging wearable cameras (LLWC) have been used to prospectively capture food/beverage
consumed by adults in high-income countries. This study aimed to evaluate the concurrent criterion validity, for assessing maternal and child
dietary diversity scores (DDS), of a LLWC-based image-assisted recall (IAR) and 24-h recall (24HR). Direct observationwas the criterionmethod.
Food/beverage consumption of rural Eastern Ugandanmothers and their 12–23-month-old child (n 211) was assessed, for the same day for each
method, and the IAR and 24HR DDS were compared with the weighed food record DDS using the Bland–Altman limits of agreement (LOA)
method of analysis and Cohen’s κ. The relative bias was low for the 24HR (–0·1801 for mothers; –0·1358 for children) and the IAR (0·1227 for
mothers; 0·1104 for children), but the LOA were wide (–1·6615 to 1·3012 and –1·6883 to 1·4167 for mothers and children via 24HR, respectively;
–2·1322 to 1·8868 and –1·7130 to 1·4921 for mothers and children via IAR, respectively). Cohen’s κ, for DDS via 24HR and IAR, was 0·68 and 0·59,
respectively, for mothers, and 0·60 and 0·59, respectively, for children. Both the 24HR and IAR provide an accurate estimate of median dietary
diversity, for mothers and their young child, but non-differential measurement error would attenuate associations between DDS and outcomes,
thereby under-estimating the true associations between DDS – where estimated via 24HR or IAR – and outcomes measured.
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Globally, undernutrition is the single biggest contributor to child
mortality(1). Although the underlying determinants of undernu-
trition are complex and interacting, inadequate nutrient intake
is an immediate cause(2,3). The prevalence of undernutrition is
decreasing; however, there are still 144 million children under
5 years who suffer from chronic malnutrition, more than a third
of whom live in Africa(4). Accurate and timely data are essential
for identifying populations at risk for undernutrition due to poor
quality diets, for implementing appropriate interventions and for
evaluating change(5–8).
Current methods of quantitative dietary assessment are reli-
able but resource-intensive. To address the need for a rapid,
inexpensive and simple-to-administer methodwith a low partici-
pant burden, reliable population-level food group indicators for
measuring diet quality requiring only semi-quantitative dietary
data were developed. Cross-country analyses assessing their
performance for predicting nutrient adequacy have shown
moderate, but variable, associations(9–11). Two indicators in
particular – a dietary diversity score (DDS) for children under
5 years and a DDS for women of reproductive age living in
low- and middle-income countries – have been validated and
are now in widespread use globally(12–14). Corresponding global
minimum dietary diversity (MDD) standard thresholds have also
been validated and are in widespread use(12,13,15). Assessing
dietary diversity using the DDS or other food group-based
indicators is, in comparison, much simpler and requires only
assessing whether any representative foods of each food group
in the index were consumed.
‘Gold standard’ quantitative dietary assessment methods,
such as direct observation and repeated weighed food records
(WFR), are used to accurately and reliably assess the foods
consumed as well as the amount of eatable portion of each food
consumed by individual consumers. They are seldom used to
routinely collect dietary data due to high financial and time costs,
Abbreviations: 24HR, 24-h recall; DDS, dietary diversity score; EII, enumerator image interpretation; IAR, image-assisted recall; LIC, low-income country; LLWC,
life-logging wearable camera; LOA, limit of agreement; MDD, minimum dietary diversity; WFR, weighed food record.
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participant burden and requisite expertise(16–18). Instead, retro-
spective diet assessment tools using a multiple-pass 24-h ‘free’
recall technique, which entails mothers recalling all foods con-
sumed by their child or themselves on the previous day, are com-
monly used for estimating food consumption. The accuracy of all
food recall methods relies upon the respondent’s memory and
motivation, as well as the skill and persistence of the interviewer.
Misreporting of foods consumed may occur, either unintention-
ally – for example, for foods that are infrequently consumed – or
intentionally, due to interviewer, social desirability or approval
biases(14). Such errors can result in either underreporting or
over-reporting (or both) of food groups defining the DDS. The
24-h recall (24HR) method is also susceptible to other measure-
ment errors(19,20).
There is a long history of using photos to overcome the limi-
tations of traditional food recall methods. ‘Portion-size estimation
aids’ involve the use of gradated food photos (representing the
range of portion sizes commonly consumed) when collecting
semi-quantitative data(21–31). They are among the earliest
approaches to incorporating food photography into diet assess-
ment methods to reduce recall bias and have now been validated
in both high- and low-income countries. Another approach to
incorporating food photography (or illustrations) into traditional
diet assessmentmethods is the use of a pictorial food chart to help
low-literacy subjects in Sub-Saharan Africa prospectively self-
record foods consumed(17,32,33).
In high-income country contexts, validation research has also
been conducted, in controlled settings, into the use of prospec-
tive photos taken by the study subject (often using a mobile
phone) during food preparation and/or eating episodes(34–37).
In these studies, information documented in the photos regard-
ing foods consumed, portion sizes and wastage is later used by
researchers to compute nutrient intake. Such ‘active’ photogra-
phy methods may reduce unintentional errors but do not elimi-
nate the possibility of intentional over- or under-estimation due
to social desirability bias. And, although often preferred to tradi-
tional methods, active prospective food photomethods require a
high level of technical competence among study participants,
which further limits its use in large-scale surveys.
New digital media technologies offer opportunities for
improving upon traditional 24HR methods of assessing dietary
diversity(38–41). A life-logging wearable camera (LLWC) worn
by a study participant can be used to prospectively and passively
capture food/beverage consumed, which may provide a more
objective method of data collection for assessing women’s and
children’s dietary diversity than the 24HR method, with low
respondent and interviewer burden. In high-income countries,
limited validation research on image-assisted recall (IAR) meth-
ods for assessing quantitative dietary data suggests that a LLWC
can reduce underreporting of energy intake(42,43). Yet, questions
remain about their validity, acceptability and feasibility(44,45).
In addition to a range of socio-cultural factors that may affect
the acceptability of the LLWC in rural low-income country set-
tings, the contexts pose unique technical challenges for wear-
able cameras, such as lack of electricity with which to
illuminate food preparation and consumption at night or indoors
and to charge the wearable devices; rugged conditions that
expose the camera to water and dirt; and lack of familiarity
among participants to digital technology and social media – in
particular to first-person photos –which may hamper their inter-
pretation. Furthermore, logistical challenges can be anticipated
in assessing dietary diversity for young children. For example,
using a LLWC attached to the caregiver may not fully capture
a child’s food intake if the child spends substantial time out of
the direct supervision of the primary caregiver (and therefore
not in sight of the camera).
This study was undertaken in rural Eastern Uganda to evalu-
ate the concurrent criterion validity, for assessing maternal and
childDDS andMDD, of a LLWC-based IARmethod and the 24HR
method. Direct observation with WFR was the criterion method.
Previous studies have evaluated the validity of photo-assisted
methods to assess nutrient intake in high-income country con-
texts. No study, to our knowledge, has examined the validity,
for estimating DDS or MDD, of the 24HR method or an IAR
method using a LLWC in either free-living or controlled settings.
Methods
Study design
A cross-sectional study of mothers and their child aged 12–
23 months (n 211) was conducted between January and
February (dry season) 2018 in Bugiri and Kamuli Districts,
Eastern Region, Uganda. This study was nested within another
study designed to examine the impact of a labour-saving tech-
nology (a mechanised maize sheller) on women’s time for child-
care, food preparation and dietary practices.
In our study, food/beverage consumption of mothers and
their childwas assessed, for the same day, using three concurrent
methods: (1) direct observation (15 h) viaWFR, (2) 24HR and (3)
IAR using a LLWC (wearable camera). Data were collected over
five consecutive days, following one of the two possible patterns
(Fig. 1). Specifically, for both patterns, on day 1, eligibility was
confirmed, a structured questionnaire was administered and
anthropometric data were collected for all participants. Day 1
data were collected at a predefined meeting place in the village.
All other datawere collected at the participants’ home. For half of
the study participants, on day 2, food/beverage consumption
data were collected using direct observation via WFR and
recorded on the wearable camera attached to the mother. On
day 3, a 24HR was administered, followed by an IAR using pho-
tos captured on day 2 by the wearable camera. On day 4, food/
beverage consumption data were again recorded via the wear-
able camera only (i.e. no observation). On day 5, an IAR was
administered using photos captured on day 4 by the wearable




















Fig. 1. Data collection household pattern (HHP).
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the wearable camera only (i.e. days 2 and 4 were switched) and
ended with all three methods (i.e. days 3 and 5 were switched).
For all participants, on the 5th day, a final structured question-
naire was also administered. All data collection was performed
by trained enumerators. Dietary data collection was distributed
across all days of the week to minimise any day-of-the-week
effect, and for eachmother–child dyad, the enumerator assigned
to conduct the direct observationwas different from the enumer-
ator assigned to administer the 24HR and IAR.
Ethical approval was obtained from the Uganda National
Council for Science and Technology (A24ES), the London
School of Hygiene & Tropical Medicine Observational/
Interventions Research Ethics Committee (project ID: 1420)
and the University of Greenwich Faculty of Engineering and
Science Ethics Committee (project ID: B0501). The data collec-
tion protocols followed the ethical guidelines for LLWC research
to ensure that privacy of the participants was maintained(38).
Following community sensitisation, verbal explanation of the
study and demonstration of the wearable camera, written con-
sent or thumb print was obtained from all mothers who partici-
pated in our study.
Participants and sampling
Twenty-two villages were purposefully selected, for this study, of
which eleven had access to labour-saving technology and eleven
did not. These villages participated in the Sasakawa Global 2000
Uganda (SG2000 Uganda) country programme (the local imple-
menting partner for the parent study). The sample size calculation
(n 264; twenty-two communities, twelve households per commu-
nity) was based on requirements of the time allocation study
within which this current study was nested. A sample size of
132 per group enabled detection of a 30-min inter-group differ-
ence between women with access to a labour-saving device
and households without access to a labour-saving device, assum-
ing a SD of 49min, a design effect of 1·47, 80% power and P value
of 0·05 and allowing for 10% attrition. This sample size was
deemed sufficient for the current validation study, using the
Bland–Altman method of analysis(46–49).
The sampling frame, for each village, was a household listing
of all mothers with children born between 1 January 2016 and 1
May 2017 inclusive (to recruit children aged 12–24months at the
time of data collection). These lists were generated by the SG2000
community-based facilitators. Twelvemother–child dyads in each
village were randomly selected to participate in the study; substi-
tutions were made, as needed, until twelve mother–child dyads
who met the inclusion/exclusion criteria were recruited.
Mother–child dyads were excluded if the child was <12months
or >23months of age, was not yet eating solid foods on a regular
basis, was a multiple-birth child, the mother was unable to com-
municate in Lusoga, Lugandaor English; either themother or child
had a severe disability; the mother was not the biological mother
of the child; the mother was a co-wife with another mother
selected to participate in the study; or either the mother or child
was not available for the duration of the study.
Instruments and protocol
The enumerators administered two structured questionnaires to
the mother. The first questionnaire collected information on:
household socio-demographics, wealth (adapted from the
Uganda 2012 Poverty Probability Index), expenditure and
production (adapted from the Abbreviated Women’s
Empowerment in Agriculture Index); knowledge, attitudes and
practices regarding infant and young child feeding and care; fac-
tors related to women’s empowerment (adapted from the
Abbreviated Women’s Empowerment in Agriculture Index)
and the child’s health (adapted from Demographic and Health
Surveys). The second questionnaire was administered at the
end of the period of data collection. Response options in this
questionnaire included a four-point Likert for questions related
to participants’ perceptions of their experiences with each of the
three food/beverage data collection methods, and categorical
scales for questions related to mobile phone access, ownership
and use, and willingness to participate in a future study using
24HR or wearable cameras, in addition to open-ended com-
ments. Duplicate, serial anthropometricmeasurements ofweight
and height/length were taken from participating mothers and
children.
For the criterion diet assessment method (i.e. WFR), enumer-
ators weighed and recorded all food/beverage consumed by
mothers and children, from approximately 06.00 to 21.00 hours
using dietary scales (±1 g, Salter Disc Electronic Digital Scale
Model 1036) and a standard WFR protocol(16). Recipe data were
also collected by weighing the recipe ingredients and final
cooked food and recording the cooking methods (e.g. fried,
boiled and stewed). If the child was left in the care of another
person, the enumerator remained with the mother and informa-
tion about any foods or beverages consumedwhile the child was
awaywas collected from the secondary caregiver via recall upon
their return. The amounts of food/beverage consumed by the
mother or child before 06.00 or after 21.00 hours were recalled
and recorded.
On the day after theWFRwas collected, two semi-quantitative
multiple-pass 24-h dietary recalls were administered to themother
to collect information on all foods and beverages consumed the
previous day – one for herself and then one for the child(16).
For each recall, in the first pass, the mother was asked to list
everything she (or her child) consumed the previous day; in
the second pass, additional details about each food were
recorded, including the time of consumption and ingredients in
mixed dishes. In the third pass, mothers were asked to confirm
the food groups consumed. The quantity of each food consumed
was not recorded.
The same day as WFR data collection, a small, lightweight,
LLWC was attached to a t-shirt worn by the mother at approxi-
mately 06.00 hours and removed at approximately 21.00 hours.
Participants were instructed towear the camerawhile continuing
their usual activities, covering or removing the camera as needed
for privacy. The wearable camera automatically recorded a pic-
ture every 30 s, storing all photos (approximately 1800) on a
memory card.
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The following day, an enumerator first reviewed the photos
captured by the wearable camera on a tablet and annotated the
foods she thought – based on the photos – were consumed by
the mother and child, that is, the enumerator image interpreta-
tion (EII). The enumerator estimated the DDS for the mother
and child based on her interpretation of the photos and demar-
cated the series of eating episodes for later review with the
mother. Upon meeting with the mother, the enumerator first
administered the two standard 24HR (one for the mother and
one for her child). Then, the enumerator reviewed the photos
with the mother on the tablet. During this interview, the enumer-
ator probed the participant based on ‘the 4 Ws, where appropri-
ate; for example, questions such as: ‘What were you doing?’,
‘Who were you with?’, ‘Where were you?’, ‘Where were you
going?’, ‘Where was the index child?’, ‘Why did you go there?’,
or ‘Why were you doing that?’ The enumerator revised her origi-
nal annotations (i.e. the EII) of foods consumed by the mother
and child, as needed, based on the mother’s feedback. Finally,
having reviewed and discussed the previous day’s photos with
the mother, the enumerator asked the mother to confirm the
food groups that she and her child had or had not consumed
(i.e. the IAR).
The IAR protocol was adapted from one used in high-income
country contexts(39). The protocol followed ethical guidelines for
LLWC research to ensure that the privacy of the participants was
maintained(38). The IAR protocol was pilot-tested prior to the
start of the study.
Data processing
The food/beverage recorded over a period of 24 h were coded
into food groups, and a DDS was calculated for eachmother and
child for each method (WFR, 24HR and IAR). The DDS for chil-
dren was based on seven food groups: namely grains, roots and
tubers; legumes and nuts; dairy products; flesh foods; eggs;
vitamin A-rich fruits and vegetables; and other fruits and
vegetables(12). The DDS for women was based on ten food
groups: namely grains, white roots and tubers, and plantains;
pulses; nuts and seeds; dairy products; meat, poultry and fish;
eggs; dark green leafy vegetables; other vitamin A-rich fruits
and vegetables; other vegetables; other fruits(13). The percentage
of women and children achieving MDD was calculated. The
threshold MDD used for women was five food groups out of
ten; the threshold MDD for children was four food groups out
of seven. Breast milk intake was not included in the comparison
of the three methods.
Weight-for-age z-score, length-for-age z-score and weight-
for-length z-score were calculated for each child using the
2006 WHO growth standards(50), and BMI was calculated for
each mother. The proportions of children who were under-
weight (<–2 SD from median weight-for-age z-score), stunted
(<–2 SD from median length-for-age z-score) and wasted
(<–2 SD frommedianweight-for-length z-score) were calculated.
The proportions of mothers who were thin (BMI< 18·5 kg/m2),
normal (BMI 18·5–24·9 kg/m2) and overweight/obese
(BMI≥ 25·0 kg/m2) were also calculated. The Ugandan 2012
Poverty Probability Index was calculated, as well as the propor-
tion of the population living below $1·25/d(51).
Data analysis
The primary outcome variables analysed for both mothers and
children were DDS and MDD. Data were analysed using
Stata/SE version 15.1. P values <0·05 were considered signifi-
cant for all tests. Cases with incomplete data for any of the three
methods (WFR, 24HR or IAR) were eliminated from analysis. A
minimum threshold of 13 h of observation and photos from the
wearable camera were deemed adequate; any cases not meeting
this threshold were eliminated from analysis to ensure the integ-
rity of the comparison (with the 24HR). The Wilcoxon signed-
rank sum and McNemar’s tests were used to compare the
distributions of DDS andMDD, respectively, obtained via the cri-
terion method (WFR) v. the 24HR or IAR. The medians of the
DDS differences (24HR minus WFR and IAR minus WFR) were
computed, and the distribution of the median DDS differences
was also compared. Key socio-demographic characteristics for
participating and missing households were compared using
the Mann–Whitney two-sample statistic for continuous data,
and the Fisher Exact test for categorical data. DDS and MDD
for mothers and children in participating households collected
via IAR were also calculated for the non-observation day and
compared with those of the corresponding observation day,
using the Wilcoxon signed-rank sum and McNemar’s tests,
respectively.
Treating DDS as a continuous measure, the inter-tool
agreement between WFR and 24HR or IAR was assessed using
the Bland–Altman limits of agreement (LOA) method(46).
Specifically, for each individual, the difference between the
methods (DDS estimated using either the 24HR or IAR minus
the criterion measure of DDS) v. the mean of the methods
was plotted; the relative bias and the 95 % LOA (mean difference
± 2 SD of the differences) were estimated. Finally, DDS estimates
via the 24HR and IARmethods against the criterionmethodwere
also compared using theweighted Cohen’s κ coefficient for inter-
rater agreement. It was interpreted as follows: <0·00 poor agree-
ment; 0·00–0·20 slight agreement; 0·21–0·40 fair agreement;
0·41–0·60 moderate agreement; 0·61–0·80 substantial agree-
ment; 0·81–1·00 almost perfect agreement(52,53).
Results
Characteristics of the sample
Overall, 211 mother–child dyads were recruited into the study.
Among those recruited, six participants voluntarily withdrew
and forty-two participants were eliminated from analysis due
to incomplete data (Fig. 2). Characteristics of the study popula-
tion are presented and compared with participants who were
lost to the study in Table 1. These comparisons show there were
no differences between participating and missing households,
with the exception of child breast-feeding status (61 % for partici-
pating children v. 42 % for non-participating children). The
median household size was six members, and nearly one-
quarter of participating households lived below $1·25/d. Most
participating mothers were married and between the ages of
20 and 29 years. Nearly two-thirds of participating mothers
had not completed primary school, and just under one-half were
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literate. Most mothers were either pregnant, breast-feeding or
both. Most women were of normal BMI.
The median age of participating children was 16·7months,
approximately evenly split between males and females. Nearly
all children were initially breastfed, although just 61 % were
breast-feeding at the time of data collection. Among this popu-
lation, childrenwere fed by several caregivers in addition to their
mother. More than a third of children were fed by at least one
caregiver <13 years of age. Approximately a quarter of children
were stunted but <3 % of children were wasted.
Diet diversity
The median DDS, for both mothers and children and all meth-
ods, was four food groups (Table 2). The estimated percentage
of mothers achieving the MDD ranged from 41 % for the WFR to
47 % for the 24HR and for children it ranged from 55 % for the
WFR to 60 % for the 24HR (Table 2). The percentage achieving
the MDD estimated via the 24HR and IAR, for both mothers and
children, was consistently higher than the WFR estimates.
Median DDS and MDD for mothers estimated via IAR on the
non-observation day were slightly higher than those collected
via IAR on the observation day (5 v. 4, P= 0·2862; and 54 v.
42 %, P= 0·1161) (see online Supplementary Tables S1a and
b). For children, median DDS and MDD estimated via IAR on
the non-observation day were similar to those collected via
IAR on the observation day (4, P= 0·5243; and 56 v. 58 %,
P= 0·3428) (see online Supplementary Table S1a and b).
Measure of agreement
The Bland–Altman plots showed a consistent and uniform pat-
tern across the range of mean DDS for all analyses (Fig. 3).
The relative bias was low for the 24HR (–0·1801 for mothers;
–0·1358 for children) and the IAR (–0·1227 for mothers;
–0·1104 for children) (Table 3). The percentage of DDS that were
identical comparing the IAR or 24HR with the criterion method
ranged from 58 % (IAR for mothers) to 70 % (24HR children).
Between 6 and 9 % of the estimates were erred by two or more
food groups (see online Supplementary Fig. S1). Although the
relative bias was not clinically important, the LOA were wide
(–1·6615 to 1·3012 and –1·6883 to 1·4167 for mothers and chil-
dren via 24HR, respectively; –2·1322 to 1·8868 and –1·7130 to
1·4921 for mothers and children via IAR, respectively). For
DDS estimated via 24HR and IAR, Cohen’s κ coefficient was
0·68 and 0·59, respectively, for the mothers, and 0·60 and
0·59, respectively, for the children (Table 4). For mothers,
Cohen’s κ indicated slightly higher inter-method agreement for
the 24HR (substantial reliability) than the IAR (moderate reliabil-
ity), whereas for children, the inter-method agreements for the
24HR and IAR are both moderate.
Discussion
This is the first study, to our knowledge, validating the 24HR and
IARmethod using a LLWC for assessing DDS andMDD. Both the
24HR and the IAR provided an accurate estimate of the sample
median DDS for women and young children, for the same day of
food intake, but tended to overestimate the proportion of
women or children that achieved MDD, indicating that the
24HR and the IAR may over-estimate diet quality, at least among
women and young children of Eastern Uganda during the dry
season.
Although the relative bias seen in this study was low, the high
LOA observed for both methods (24HR and IAR) across popula-
tion groups (mothers and children) was substantial. There are no
validation studies of IARmethods for estimating DDSwith which
to compare these results. However, similar results have been
seen in image-assisted quantitative diet recall validation
studies(29,33,35,37,54). Such error usually serves to attenuate the
association between DDS and health or other outcomes and
diminish power to detect it(18). This study indicates that attenu-
ation levels might remain high even after accounting for day-to-
day variation in DDS because food groups are misreported by a
substantial proportion of individuals.
It is well documented that, in quantitative dietary assessment,
measurement error (the difference between reported intake and
true intake) commonly occurs(18). This study suggests that a high
degree of measurement error also occurs when diet quality is
assessed by the number of selected food groups consumed. In
this study, individual estimates of DDS could differ by more than
two food groups from observed values. It is remarkable that both
24HR and IAR mis-classified over a third of maternal and child
DDS. Although there is no globally accepted threshold LOA
for DDS, a difference of one or two food groups (out of seven
for children and ten for women) is substantial. Errors appear
to occur equally at lower and higher ends of the DDS spectrum.
The cause of the wide LOA observed in this study is not
immediately evident. Further exploration of the data shows that
reported consumption of vitamin A-rich fruits and vegetables
was higher (≥5 %) in the IAR and 24HR than theWFR formothers
and children, and a higher percentage of mothers reported con-
suming other fruits (62 v. 56 %) and dairy products (22 v. 17 %) in
the IAR compared with WFR (see online Supplementary Table
Assessed for eligibility (n 321)
Excluded (n 110)
Refused consent (n 5)
Multiple birth (n 9)
>23 months (n 24)
<12 months (n 42)
Availability (n 22)
Biological mother (n 2)
Co-wife (n 2)
Non-resident (n 4)
Mother–child dyads selected (n 211)
Completed study (n 163)
Lost to study (n 48)
Withdrew (n 6)
Incomplete IAR (n 13)
Partial day (n 29)
Fig. 2. Study population. IAR, image-assisted recall.
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S2a and b), whereas a lower percentage of mothers reported
consumption of other vegetables in the IAR compared with
the WFR (90 v. 95 %).
Our finding that the LOA in assessingDDSwere high, for both
the 24HR and IAR collected for the same day as the criterion
method, was somewhat surprising. Compared with the 24HR,
we had expected viewing one’s own passively collected photo-
graphs (IAR) would reduce errors due to memory, social desir-
ability and other biases commonly known to contribute to
inaccurate estimates when recalling foods consumed.
There are several plausible contributing factors. For instance,
mothers may have become bored and/or fatigued after four sim-
ilar series of questions about the food groups consumed, thus
resulting in more random error in IAR than 24HR, because the
mother and child 24HR were administered before the mother
and child IAR. Further review by the author (A. L. S. B.) of the
data inconsistencies in the procession from WFR to EII to IAR
among participantswith large discrepancies inDDS suggests that
inflation of the DDS from WFR to the IAR may have been due to
errors introduced by the mother during the last step of the IAR
protocol (i.e. the final confirmation of food groups consumed).
In addition to boredom or fatigue, social desirability bias may
have contributed to inflation of DDS. No pattern was observed
for those that under-estimated the DDS.
Alternatively, and consistent with the long-standing theory
that low levels of education and pictorial literacy may affect sub-
jects’ capacity to interpret food photos, some women in this
study struggled to interpret the first-person photos from the
wearable camera(55). Enumerators were instructed to record
foods consumed as reported by the mother, even if it conflicted
Table 1. Characteristics of households, mothers and children participating in and lost to the study
(Numbers and percentages; median values and 25th and 75th percentiles)
Participating Missing
Pn % Median 25th, 75th (%) n % Median 25th, 75th (%)
Households
Number of household members 6 5, 8 5·5 4, 7·5 0·13
Living below $1·25/d (2005 PPP) 20·1 10·9, 27·9 20·1 4, 45·3 0·163
Mothers
Age (years) 26 22, 30 23 20, 30 0·088
15–19 17 10·4 7 14·9 0·766
20–29 100 61 28 59·6
30–39 39 23·8 11 23·4
40–49 8 4·9 1 2·1
Marital status
Single 20 12·3 1 2·3 0·081
Married or co-habiting 135 82·8 42 95·5
Level of education
None or primary incomplete 102 62·2 22 50 0·353
Primary complete 55 33·5 19 43·2
Secondary complete 5 3·1 2 4·6
Can read and write 78 48·5 24 55·8 0·493
Maternity status
Pregnant 22 13·9 11 25 0·105
Breast-feeding 104 63·4 23 48·9 0·091
Pregnant or breast-feeding 122 74·4 30 63·8 0·196
BMI 21·7 20·4, 23·9 21·6 19·0, 23·3 0·454
% Thin (BMI< 18·5 kg/m2) 7 5·4 4 13·8 0·286
% Overweight/obese (BMI≥ 25·0 kg/m2) 17 13·1 3 10·3
Children
Age (months) 16·7 14·9, 20·0 17·5 14·7, 19·6 0·682
12–17 99 60·7 24 52·2 0·313
18–23 64 39·3 22 47·8
Sex
Female 75 45·7 23 50 0·62
Male 89 54·3 23 50
Ever breastfed 161 99·4 42 97·7 0·376
Currently breast-feeding 98 60·5 18 41·9 0·037
Child feeders 3 2, 4 3 2, 4 0·67
No alternative feeders 19 11·6 7 14·9 0·615
All child feeders> 13 years 101 61·6 32 68·1 0·494
Length-for-age z-score –1·3 –2·1, –0·6 –1·1 –2·2, –0·6 0·939
% below –2 SD 42 25·8 13 29·6 0·508
Weight-for-age z-score –0·7 –1·5, –0·1 –0·7 –1·5, –0·1 0·848
% below –2 SD 14 9 7 18 0·067
Weight-for-length z-score –0·2 –0·8, 0·4 –0·2 –0·6, 0·3 0·776
% below –2 SD 4 2·6 0 0 0·678
PPP, purchasing power parity; P, P value using Mann–Whitney U test to compare the medians and Fisher’s exact test to compare the categorical data.
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with their own interpretation of the photos. Thus, errormay have
occurred, in the IAR, if photos were misinterpreted by the
mother.
A thorough analysis of the feasibility and acceptability, using
results from the questionnaire administered at the end of the
period of data collection and administrative records, will be
reported separately (manuscript in preparation). These results
may provide further insights into factors contributing to the wide
LOA observed in this study.
Based on the results of this study, the EII (i.e. the enumerator
working independently –without the aid of themother – to inter-
pret from the wearable camera photos foods consumed by the
mother or child) did not provide a reliable estimate of DDS
for mothers or children. When enumerators annotated foods
consumed based on their interpretation of the photos, without
the assistance of the mother, they consistently underestimated
the variety of foods consumed by both mothers and children
compared with the mother-assisted IAR and WFR (see online
Supplementary Table S2a and b). For example, based on enu-
merators’ review of photos alone, only 35 % of mothers con-
sumed animal source foods compared with 62 % when the
mother-assisted IAR was used (and 65 % in the WFR). For chil-
dren, only 36 % (EII) compared with 60 % (IAR) and 59 %
(WFR) was estimated to have consumed pulses. This suggests
that study participants themselves are crucial in interpreting
wearable camera images for the purposes of estimating DDS.
DDS and MDD estimated via IAR on observation days were
similar to those estimated on non-observation days. The results
of this study therefore indicate low reactivity to observation.
However, the results achieved in this study may still reflect a
higher level of agreement between the 24HR and IAR v. WFR
than might otherwise be expected. Owing to higher percentage
of breast-feeding children included in the analyses compared
with those lost to the study, children in this study may have
remained in closer proximity to their mother, thus enablingmore
consistent monitoring of the child’s dietary intake. Also, mothers
may have been more vigilant of the child’s food intake due to
reactivity to the wearable camera.
Overall, dietary quality for mothers and children in this study
population was poor (see online Supplementary Table S2a and
b). Consumption of most nutrient-dense foods, such as dairy
products, eggs, and dark leafy greens and other vitamin A-rich
fruits and vegetables by mothers and children, respectively,
was low. Data collection was conducted during the dry season,
and, consequently, vitamin A-rich fruit consumption may have
been lower than that in other seasons. Even though the con-
sumption of animal source foods is relatively high, due to the
widespread consumption of small fish, less than half of mothers
and <60 % of children achieved the MDD.
This studywas conducted in Bugiri andKamuli Districts in the
Busoga Region of Eastern Uganda where 29 % of children under
5 years of age are stunted and 7 % of women are underweight(56).
In Busoga Region, 66 % of women are illiterate, only 12 % of
women have completed primary school and more than a third
have no regular access to radio, television or the newspaper(56).
By comparison, in our study, less than half of the participants
were literate and just over one-third had only a primary school
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Fig. 3. Bland–Altman (BA) plots of maternal and child dietary diversity (DDS) score difference v. the mean. WFR, weighed food record; 24HR, 24-h recall; IAR, image-
assisted recall.
Table 3. Inter-method comparisons of the relative bias and limits of agreement (LOA)
(Mean values and standard deviations)
Mother Child
Relative bias* LOA† LOA difference Relative bias* LOA† LOA difference
24HR –0·1801 –1·6615 1·3012 2·9627 –0·1358 –1·6883 1·4167 3·1050
IAR –0·1227 –2·1322 1·8868 4·0190 –0·1104 –1·7130 1·4921 3·2051
24HR, 24-h recall; IAR, image-assisted recall.
* Relative mean difference.
† ± 2 SD from the relative mean difference.
Table 4. Inter-method comparisons of Cohen’s κ coefficient
(κ Values and 95 % confidence intervals)
24HR IAR
Cohen’s κ† 95% CI Cohen’s κ† 95% CI
Mother* 0·6762 0·5937, 0·7587 0·5868 0·4940, 0·6796
Child* 0·5989 0·4930, 0·7048 0·5945 0·4922, 0·6967
24HR, 24-h recall; IAR, image-assisted recall; DDS, dietary diversity score.
* Mother DDS is out of ten food groups; child DDS is out of seven food groups.
† Using weighted Cohen’s κ for interrater agreement. Landis & Koch(52) suggest the following benchmark scale for interpreting the κ statistic: <0·00 poor; 0·00–0·20 slight; 0·21–0·40
fair; 0·41–0·60 moderate; 0·61–0·80 substantial; 0·81–1·00 almost perfect.
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quality (MDD= 55 %) compared with that reported by the most
recent Demographic and Health Surveys for the Busoga region
(MDD= 31 %) (DDS was not reported)(56). Relatively higher lev-
els of education and literacy amongmothers in this study may be
a factor in higher-than-expected child MDD. Participation in the
Sasakawa programme, seasonality, method of data collection or
secular changes in food consumption patterns may also contrib-
ute to differences in the prevalence of children having
achieved MDD.
Limitations
This study set out to pilot test and evaluate the potential of using
an inexpensive LLWC to estimate the DDS and MDD of women
and young children. Our hypothesis was that prospectively cap-
turing food consumption data would reduce systematic and ran-
dom errors inherent to dietary recalls and reduce respondent/
interviewer burdens inherent to WFR and might allow accurate
dietary diversity data collection at scale for programmatic pur-
poses in rural low-income country (LIC) contexts. Our results
indicate that, although the relative biases of both the 24HR
and IAR were low, the high individual-level error observed in
both methods may be expected to attenuate associations
between DDS and outcomes measured. Therefore, where
DDS are estimated via 24HR or IAR data, the true associations
between DDS and outcomes may be stronger than they appear
as a result of misreporting of food group consumption by a large
proportion of the population.
In the design of the IAR protocol used in this study, several
trade-offsweremade. To keep equipment costs low (for LIC con-
texts), human interaction was required at every step of data
processing. For example, although the wearable cameras are
fully automated, annotation of the photos (e.g. foods consumed)
required for analyses was paper-based and labour-intensive.
Humans acting as the bridge between information technology
systems provide ample opportunity for error and loss of data.
There were a few common scenarios in which, for the IAR,
foods consumed were based solely on recall and were not, in
actuality, image-assisted. For example, for reasons of enumer-
ator safety, the wearable cameras often had to be removed
before the end of the participants’ day, and consequently food
preparation and cooking, eating and feeding activities at the
end of the day were often missed. Also, the camera was attached
to the mother, so there was no visual record of foods consumed
by the child under the care of someone else or when the mother
was not facing her child. For this reason, we would have
expected a more accurate DDS estimate via IAR for mothers than
children. However, this was not observed in any of the key
indicators evaluated in this study, indicating that other logistical
or technical limitations weremore important factors contributing
to poor agreement. For example, determining ingredients –
especially nutrient-dense ingredients commonly consumed in
small quantities – posed a serious challenge. In this study, it
was rare to see the addition of milk – for example, into tea or
porridge – in photos. Milk was either added by someone other
than the mother or otherwise added off camera. Milk and other
ingredients may be stored in non-descript, solid-coloured
containers, and mothers and children commonly drink from
solid-coloured plastic mugs, making it difficult to determine
the contents (e.g. to differentiate black tea from milk tea) once
served. Differentiating white from yellow tubers, which have dif-
ferent nutrient values, was also a challenge.
In this Ugandan context, food is usually prepared at the family
level and can take hours to cook, with ingredients being added
long before consumption, and by various people in the house-
hold throughout the day. Also, it was a common practice for
mothers in this study to prepare food, eat and feed childrenwhile
seated on the ground, at an angle such that food consumption
was not captured on camera. Food consumption and prepara-
tion steps may have also been missed between 30-s photo incre-
ments. Fruit, in particular, is often picked and consumed quickly,
appearing in just 1 or 2 frames (out of 1800), or not at all.
Finally, where there is no electricity, pictures taken before
dawn, after dark or inside the kitchen – where a lot of cooking
occurs – are too dark to see, and movement of the camera can
render photos indecipherable. Addressing these logistical and
technical limitations may improve the relative validity of the
IAR for estimating DDS and MDD for mothers and children.
For children, the IAR may only be an appropriate method for
assessing dietary diversity when the caregiver wearing the cam-
era exclusively feeds the child, or for children under 12 months
of age who are less mobile and require more assistance during
feeding.
Conclusion
The 24HR and IAR performed similarly in estimatingmaternal and
child DDS in this rural LIC context. For both methods and popu-
lations, there was low systematic bias. Both 24HR and IAR pro-
vided an accurate estimate of median DDS at the population
level, although they both tended to overestimate the percentage
of mothers and children achieving the MDD. However, impor-
tantly, this first-ever study to quantify the extent of measurement
error inherent in recall methods for estimating DDS suggests that
the degree of attenuation may be greater than previously recog-
nised. Given the high LOA observed here, true associations
betweenDDS –where estimated via 24HR or IAR – and outcomes
measured may be stronger than they appear. These results, how-
ever, suggest that unless the validity of the IAR can be improved,
for reasons of utility, future studies should continue to use data
collected using the 24HR to estimate DDS and MDD. The time
required for both data collection and processing was substantially
lower for the 24HR than the IAR.
Future studies should endeavour to quantify the amount of
attenuation due to misreporting food group consumption inher-
ent to common methods for assessing DDS, and to investigate
factors associated with these errors across different country con-
texts. As an early prototype tailored to LIC settings, the IAR per-
formed similarly to the 24HR for estimating DDS. Further
research and development to address the logistical and technical
challenges identified in this study are needed to fully capitalise
on the strengths of LLWC for prospectively – and passively –
capturing the consumption of food/beverage in a LIC context.
Additional studies are needed to determine whether active
photography, where participants are instructed to photograph
foods when they are consumed and the ingredients added to
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individual recipes, better addresses the challenges of passive
photography identified in this study. Future research should also
seek to exploit the unique capability of wearable cameras to
simultaneously gather data related to food intake and other fac-
tors driving nutrition outcomes (e.g. time allocation, care and
feeding practices, availability and accessibility to food, and
cleanliness of the environment) to better understand their
associations and inform the design and evaluation of nutrition-
sensitive programmes in LICs.
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